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OverviewOverview

•• Charge C2 to SAB: “Does the SAB agreeCharge C2 to SAB: “Does the SAB agree
that the Taiwanese dataset remains the mostthat the Taiwanese dataset remains the most
appropriate choice for estimating cancerappropriate choice for estimating cancer
risk in humans?”risk in humans?”

•• Relevant epidemiologic literature has beenRelevant epidemiologic literature has been
incompletely evaluated and consideredincompletely evaluated and considered

•• MetaMeta--analysis of bladder cancer and lowanalysis of bladder cancer and low--
level arsenic exposure in drinking water,level arsenic exposure in drinking water,
primarily from the U.S.primarily from the U.S.
–– No significant association observedNo significant association observed
–– Models based on SW Taiwanese data tended toModels based on SW Taiwanese data tended to

overestimate the metaoverestimate the meta--relative risks observed in ourrelative risks observed in our
analyses, particularly for nonsmokersanalyses, particularly for nonsmokers



BackgroundBackground
•• NRC and EPA risk analyses and doseNRC and EPA risk analyses and dose--

response models rely on data from SWresponse models rely on data from SW
TaiwanTaiwan
–– Lack of systematic discussion of studies from US andLack of systematic discussion of studies from US and

similar populationssimilar populations
–– Exclusion criteria applied to other epidemiologicExclusion criteria applied to other epidemiologic

studies not applied to SW Taiwan datastudies not applied to SW Taiwan data
–– Limitations of SW Taiwan dataset largely ignoredLimitations of SW Taiwan dataset largely ignored

•• Ecologic designEcologic design
•• Bias and confoundingBias and confounding
•• Generalizability to populations with low exposureGeneralizability to populations with low exposure

•• Uniform criteria should be applied to theUniform criteria should be applied to the
review ofreview of allall relevant epidemiologic studiesrelevant epidemiologic studies

•• Epidemiologic data from populations withEpidemiologic data from populations with
low exposure to iAs are informativelow exposure to iAs are informative



Objectives of MetaObjectives of Meta--AnalysisAnalysis
•• MetaMeta--analysis of epidemiologic studies ofanalysis of epidemiologic studies of

lowlow--level arsenic exposure in drinking waterlevel arsenic exposure in drinking water
and bladder cancerand bladder cancer
–– Clarify associationClarify association
–– Improve precisionImprove precision
–– Assess accuracy of models based on SW TaiwanAssess accuracy of models based on SW Taiwan

datadata
•• Two questions:Two questions:

–– Is there a significant association between exposureIs there a significant association between exposure
to low levels of arsenic in drinking water and bladderto low levels of arsenic in drinking water and bladder
cancer?cancer?

–– Are the relative risks (and metaAre the relative risks (and meta--RR) from theseRR) from these
epidemiologic studies within the range ofepidemiologic studies within the range of 1.2 to 2.51.2 to 2.5
as would be predicted by the doseas would be predicted by the dose--response curvesresponse curves
based on data from the Taiwan studies (NRC 2001,based on data from the Taiwan studies (NRC 2001,
Table 5Table 5--3)?3)?



Methods and Data AnalysisMethods and Data Analysis
•• Inclusion/exclusion criteria for metaInclusion/exclusion criteria for meta--analysisanalysis
•• Eight studies eligible for metaEight studies eligible for meta--analysisanalysis

–– CaseCase--control or cohort studies of lowcontrol or cohort studies of low--level exposure tolevel exposure to
iAs in drinking water and bladder cancer incidenceiAs in drinking water and bladder cancer incidence
(mortality)(mortality)

•• Episheet used to calculate mRRs, confidenceEpisheet used to calculate mRRs, confidence
intervals, tests for heterogeneityintervals, tests for heterogeneity

•• Smoking status: Combined and stratifiedSmoking status: Combined and stratified
analysesanalyses

•• Exposure category models:Exposure category models:
–– Collapsed exposure categoriesCollapsed exposure categories
–– All exposure categoriesAll exposure categories

•• Additional analysesAdditional analyses
–– Sources of heterogeneitySources of heterogeneity
–– Influence analysesInfluence analyses



ResultsResults

•• See Table 2 and Figures 1See Table 2 and Figures 1––3 for3 for
summary of main resultssummary of main results

•• Appendices B, C for full resultsAppendices B, C for full results



Results (all studies)Results (all studies)
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Source: Table 2, “Epidemiologic Studies of Low-level Arsenic Exposure in Drinking Water and Bladder Cancer:
A Review and Meta-analysis”



Arsenic Exposure and Risk of Bladder Cancer:Arsenic Exposure and Risk of Bladder Cancer:
Collapsed Exposure CategoriesCollapsed Exposure Categories

Source: Figure 1., “Epidemiologic Studies of Low-level Arsenic Exposure in Drinking Water and Bladder Cancer:
A Review and Meta-analysis”



Arsenic Exposure and Risk of BladderArsenic Exposure and Risk of Bladder
Cancer Among NEVER Smokers:Cancer Among NEVER Smokers:
Collapsed Exposure CategoriesCollapsed Exposure Categories

Source: Figure 2., “Epidemiologic Studies of Low-level Arsenic Exposure in Drinking Water and Bladder Cancer:
A Review and Meta-analysis”



Arsenic Exposure and Risk of BladderArsenic Exposure and Risk of Bladder
Cancer Among EVER Smokers:Cancer Among EVER Smokers:
Collapsed Exposure CategoriesCollapsed Exposure Categories

Source: Figure 3., “Epidemiologic Studies of Low-level Arsenic Exposure in Drinking Water and Bladder Cancer:
A Review and Meta-analysis”



Statistical PowerStatistical Power

MetaMeta--Relative RiskRelative Risk

0.990.78
Ever Smokers
(n=5 studies)

0.970.65
Never
Smokers (n=5
studies)

1.000.91
Ever + Never
Smokers (n=7
studies)

2.02.01.51.5

Source: One-sided test of significance (Hedges and Pigott, 2001)
Table 3, “Epidemiologic Studies of Low-level Arsenic Exposure in Drinking Water and Bladder Cancer:
A Review and Meta-analysis”



SummarySummary

•• Question 1: Bladder cancer was notQuestion 1: Bladder cancer was not
significantly associated with lowsignificantly associated with low--levellevel
exposure to arsenic in drinking waterexposure to arsenic in drinking water
–– Never smokers: mRRs were consistent, robust, andNever smokers: mRRs were consistent, robust, and

< 1.0< 1.0
–– Ever smokers: Results were heterogeneous; noEver smokers: Results were heterogeneous; no

consistent evidence of increased risk or effectconsistent evidence of increased risk or effect
modificationmodification

•• Question 2: Main results of metaQuestion 2: Main results of meta--analysisanalysis
werewere notnot consistent with, and wereconsistent with, and were belowbelow
the range of RRs predicted by NRC (1.2 tothe range of RRs predicted by NRC (1.2 to
2.5)2.5)
–– Majority of mRRs were less than 1.2Majority of mRRs were less than 1.2
–– Results for smokers were variableResults for smokers were variable



ConclusionConclusion

•• Thus, the SW Taiwan dataset isThus, the SW Taiwan dataset is
inadequate for estimating cancer risk ininadequate for estimating cancer risk in
U.S. populations exposed to iAs inU.S. populations exposed to iAs in
drinking waterdrinking water



Thank YouThank You


